Transformation was used to perform ratio test crosses with mutant strains of Azotobacter vinelandii unable to fix N2. Mutations that simultaneously eliminated both components of nitrogenase (nif-1 and nif-2) were tightly linked. The nif-45 mutation that resulted in the absence of an active molybdenum cofactor was closer to nif-1 and nif-2 than to any of the other nif mutations. Strains that lacked component I carried mutations that were closely linked to each other. Mutations that probably were located in the structural genes for components I and II appeared to be relatively close to each other on the A. vinelandii genome.
Mutant strains of Azotobacter vinelandii that are unable to fix N2 (Nifl strains) have been isolated and characterized with respect to electron paramagnetic resonance signals, nitrogenase component activities, antigenic crossreactive material, and for the presence of ironstaining material (1, 4, 7, 8) . Similar Nif-mutant strains have been isolated and characterized in Klebsiella pneumoniae (6) . The order of the nif mutations on the K. pneumoniae genome has been determined by two-and threefactor crosses utilizing P1-mediated transduction (6, 11) and also by deletion analysis (9) Table 2 show that, with the exception of the cross involving nif-6, no Nif+ transformants were detected in crosses where the nif mutations carried by the donor and recipient were the same. The small RI value (4.6 x 10-5) found in the cross involving nif-6 was probably due to reversion rather than recombination. Crosses between strains UW1 and UW2 indicated that the mutations nif-1 and nif-2, which result in the simultaneous absence of components I and II of nitrogenase, were tightly linked and may be located in the same gene. These mutations were different since strain UW2 yielded some Nif+ revertants that were derepressed for nitrogenase synthesis, whereas strain UW1 did not yield derepressed revertants. The mutation nif-45, which resulted in the absence of an active molybdenum cofactor in component I of nitrogenase (4) , was closer to nif-1 and nif-2 than to any of the other nif mutations.
The mutations nif-6 and nif-38 appeared to be closely linked to each other; however, transformants were always detected in crosses involving these mutations, which suggests that Genetic transformation was conducted as described by Page and Sadoff (5) except that 2% sucrose instead of 1% glucose was used in the transformation medium. Nif+ transformants were enumerated on modified Burk N-free agar medium (10) the nif-6 and nif-38 mutations can be separated by recombination. The strains carrying these mutations lacked component I of nitrogenase and one of the strains, UW38, hyperproduced component II, whereas the other, strain UW6, produced the normal amount of this component (7) . Since normal levels of antigenic cross-reactive material for the inactive components I and II have been detected in strains UW10 and UW91, these strains probably have lesions in the structural genes for these components (7) . The cross between strains UW10 and UW91 gave a relatively small RI value, which suggests that the structural genes for components I and II may be localized in the same region of the genome. Crosses where strains UW45 and UW91 served as recipients could not be done because neither strain was transformable. Since Nif+ revertants of these strains were also nontransformable, this property does not appear to be related to the Nif-phenotype. The order of the nif mutations based on the RI values presented in Table 2 is shown in Fig. 1 .
From the results described above, it is apparent that nif mutations in A. vinelandii do not fall into one cluster. At least two of these mutations (nif-3 and nif-10) were observed to be linked to an Rifr marker (unpublished data).
Auxotrophic markers for adenine, hypoxanthine, and uracil were previously shown by Page and Sadoff to be linked to an Rifr marker (5) . It seems rather fortuitous that the few auxotrophic mutant strains of A. vinelandii thus far isolated carry mutations that are linked to Rifr. It should also be pointed out that the transformation system, used to demonstrate linkage, employed crude lysate deoxyribonucleic acid (DNA) without further purification. Therefore, the possibility exists that the transforming DNA molecules are very large and that linkage between distant markers is being observed. Thus, the nif genes in A. vinelandii may be spread over a large region of the A. vinelandii genome. This situation would be in contrast to that encountered in K. pneumoniae where mutations affecting nitrogen fixation have been found to be tightly clustered (6, 11) .
